Introduction
G estational age and birthweight are important measurements of perinatal outcomes. Preterm birth (PTB), being born before 37 completed weeks of gestation 1, 2 and low birthweight (LBW), birthweight below 2500 g 3 are the most frequently used perinatal health indicators. A recent global report indicates that every year 15 million (11% of all livebirths) are born premature. The same study reported that in 2010, PTB rate in Finland was 5.5% compared to 8.6% for other developed countries. 4 Although relatively low, there was no improvement in Finland's PTB rate for two decades. 1, 4 Even though not all LBW babies are preterm, the positive correlation between the two has been reported. 5 Similar to other European countries, the occurrence of PTB in Finland has been attributed to factors such as advanced maternal age, smoking, genital infection, obesity and assisted reproduction techniques among others. 6, 7 Strategies to substantially reduce PTB and LBW are lacking. 2, 8 For two decades only three (Croatia, Ecuador and Estonia) out of 65 countries were able to reduce the rate of PTB in the world. 4 Physical exertion such as heavy lifting has been linked to the aetiology of PTB and other adverse birth outcomes. [9] [10] [11] A study by Banerjee reported that the demand for increased blood supply by working muscles tend to reduce placental blood perfusion to the growing foetus. Also, the physiological haemo-dilution in pregnancy can be compromised by excessive sweating that characterizes physical activity while intra-abdominal pressure would be increased in the course of heavy lifting. 12 Other studies have suggested that physically demanding work is associated with adverse pregnancy outcomes. [13] [14] [15] Registry-based studies give retrospective understanding of the aetiology of most disease conditions. Among the Nordic countries, Finland has a good record of computerized national health information system 16 including the Finnish Medical Birth Register (MBR) and the Finnish Information System on Occupational Exposure [Finnish job-exposure matrix (FINJEM)] developed by the Finnish Institute of Occupational Health (FIOH). These registers have been the basis for most population-based studies. [17] [18] [19] However, effects of manual handling of burdens on pregnancy outcomes are not elucidated at the country level. The aim of this study is to investigate the association between birth outcomes and occupational group level exposure to manual handling of burdens within the Finnish population.
Methods
The data source for this study includes the Finnish MBR and information to define exposure categories was from the FINJEM. The MBR contains a nationwide data on both hospital and home deliveries since 1987 with regular maintenance by the National Institute for Health and Welfare (THL). The MBR is also linked to other registers such as the Central Population Register containing livebirths and the Cause-of-Death Register with information on stillbirths and infant death. 17 The source population contains information on 1 050 889 women and their newborns between 1997 and 2014.
Second, FINJEM is Finland's quantitative job-exposure matrix established in the 1990s 19 and has been regularly updated till 2010-12. 20 It contains comprehensive information on all major occupations classified into 311 categories, and their corresponding jobexposure estimates that are time specific at the country level. The assessment for exposure to all major occupational risk factors has been explained in detailed elsewhere. [19] [20] [21] In this study, the source data to define the two exposure groups were the quantitative estimates or subjective ratings of manual handling of burdens (MAHB) at the occupational level from 1997 to 2009.
Maternal occupational codes have been collected into the MBR dataset. To select the study cohort we used the F-ISCO-88 codes in the FINJEM dataset to identify the mothers from the MBR. The study cohort included all singleton births of mothers working as practical nurses, homecare assistants and kitchen assistants. For the purposes of this study, these three occupations are collectively classified as 'service and care workers' representing the high exposure group to MAHB (N = 74 286). Mothers working as secretaries, account and book-keeping clerks and insurance clerks are collectively classified as 'clerks' (N = 13 873) in this study. Clerks were chosen as suitable reference group because their occupational level exposure to MAHB was low. The classification of occupations is done by the Statistics Finland's Classification Services from 1997 to 2009 census based on EU standards.
Occupational exposures
In this study, we used information from the FINJEM dataset to identify and define the exposure levels of MAHB. The average exposure of the whole occupational group to MAHB was used. In the FINJEM dataset, MAHB is classified under ergonomic factors and was obtained from either a subjective ratings or observations of lifting and carrying of heavy burdens as essential feature of everyday work. Level of exposure to MAHB is categorized as follows; 0= no or very little lifting at work, 1= lifting or carrying of moderate burdens (10 kg) daily or reported fairly much lifting at work and 2 = lifting or carrying of heavy burdens (20 kg) over five times a day or reported very much lifting at work.
Based on this information in the FINJEM, we selected practical nurses, homecare assistants and kitchen assistants (collectively as service and care workers) for the high exposure group and the reference category were secretaries, accounting and book-keeping clerks and insurance clerks (collectively as clerks) taking into account similarities of their socio-economic statuses. The exposure groups were derived based on the proportion of occupation exposed and the level of exposure among the exposed. Among the high exposure group, the average group exposure varied between 0.65 and 0.81 and the proportion of workers exposed was between 74 and 83%. The low exposure group had an average group exposure of 0.38-0.5 and the proportion of workers exposed was between 2 and 6.1%.
Permission to use the MBR data in this study was granted in February 2016 by THL (THL/151/5.05.00/2016) as required by Finland's data protection legislation. FINJEM is not an individual level database, and its use does not require ethical review or study permission.
Statistical analysis
We considered the following outcome variables; PTB defined as gestational age <37 weeks and LBW (<2500 g), perinatal death defined as stillbirth (from 22 weeks or 500 g) or early neonatal death within the first seven days, eclampsia (blood pressure above 140/90 mmHg, proteinuria (>0.3 g/day) and seizures at or after 20 weeks gestation, ICD-10 code O15) 22 and small for gestational age (SGA, defined as birthweight below the 2.5th percentile based on Finnish sex-specific growth curves). 23 SPSS version 21 was used to examine the prevalence of adverse pregnancy outcomes among the two exposure groups with 95% confidence intervals (CIs). We conducted logistic regression analysis to estimate the odds ratios (ORs) between the exposure levels and pregnancy outcomes. We also conducted generalized estimating equation (GEE) analysis so that in the event of several deliveries by the same mother within the study period, each delivery could be evaluated separately from the influence of factors pertaining to other deliveries. Based on evidence from literature, in both models we adjusted for parity, smoking status, marital status and BMI, all as categorical variables and maternal age as a continuous variable. Information about these potential confounders was obtained from the MBR. The recording of maternal height and weight started in 2004 therefore all data that were missing before this year were categorized as '0' while '1' included women with BMI 25 and '2' women with BMI >25.
We conducted sensitivity analysis to examine the outcomes based on parity. The assumption was that nulliparous women do not have to lift under age children at home, do not take childcare leave and therefore have a higher chance of working throughout the pregnancy till they go on statutory maternity leave. Based on this, we compared primiparous women with all other women who have previously given birth. Further sensitivity analysis was done by comparing the lowest exposure occupation in each exposure category to the rest of the group to determine homogeneity among the exposure categories (results available on request from authors). Table 1 compares baseline characteristics of the high and low exposure groups and the sex of the newborns. Differences in prevalence of girls were negligible in the compared groups. Fewer women (12.7%) were advanced in age (!35 years) among the high exposure group than the low exposure category (29.8%). Grand multiparity (five or more pregnancies) was less common among the low exposure group (1.0%) compared to 3.4% within the high exposure category. The low exposure group was often married and smoked less during pregnancy compared to the high exposure group. Table 2 shows prevalence of the studied pregnancy outcomes between the exposure groups. The mean gestational age and birthweight were almost equal among newborns of the reference group (3.535 g and 39.34 weeks) and among the high exposure group (3.542 g and 39.35 weeks), respectively. The prevalence of PTB was 4.7% among the high exposure category and 4.8% among the reference group. The proportion of LBW newborns was slightly higher in the reference group (3.4%) than in the high exposure group (3.2%). All other pregnancy outcomes were quantitatively similar among the two groups. Table 3 displays comparison of the effect estimates between the two exposure groups. Adjusted OR of PTB (OR = 1.16, 95% CI 1.06-1.27), LBW (OR = 1.12, 95% CI 1.01-1.25) and perinatal death (OR = 1.51, 95% CI 1.09-2.09) were statistically significantly higher among the high exposure group. We found no significant difference between the two groups for the risk of SGA (OR = 0.91, 95% CI 0.81-1.02) and eclampsia (OR = 0.82, 95% CI 0.38-1.77).
Results
Results of sensitivity analysis by comparing outcomes among primiparous with multiparous women are presented in table 4 . Prevalence of all the outcomes was higher among primiparous women. After adjusting for confounders, the risk of perinatal death (OR = 1.95, 95% CI 1.13-3.39) was higher among children born to primiparous mothers in the higher exposure group. Higher exposure was not associated with any other outcome in this stratum. The risks of PTB (OR = 1.20, 95% CI 1.06-1.36) and LBW (OR = 1.18, 95% CI 1.00-1.37) were significantly increased in multiparous women but the lower end of the effect estimate for LBW included unity. The risk of SGA was decreased among both primiparous women (OR = 0.96, 95% CI 0.83-1.12) and significantly decreased in multiparous women (OR = 0.83, CI 0.69-0.99) while risk of eclampsia was non-significant in both groups. 
Discussion
Our study results suggest that an occupational high exposure to manual handling of burdens might be associated with PTB, LBW and perinatal deaths. The risk of SGA and eclampsia was similar among both exposure categories. However, sensitivity analysis shows that with the exception of perinatal death, the risk of all other adverse birth outcomes was weaker among primiparous women than in multiparous women. The risk of SGA was elevated among multiparous women although it could be due to chance. In Finland, by legislation mothers who have children under age three are entitled to take paid childcare leave. 24 Thus, we assumed that some of the multiparous women might have been on childcare leave and thus not working during the study period. Also, lifting own children during pregnancy may constitute a risk for multiparous women. To consider these potential problems, we conducted a sensitivity analysis to examine differences in outcome between primiparous and multiparous women. The findings among primiparous women were weaker than in the entire data and statistically significant only for perinatal death. It can be argued that besides occupational lifting and carrying, there may be other factors within the home environment that render these women susceptible to adverse pregnancy outcomes. Another plausible explanation may be that, contrary to nulliparous women, multiparous mothers frequently lift or carry their under age children at home thereby negating the beneficial effects of the childcare leave policy. Another sensitivity analysis comparing the lowest exposure in each exposure category with the rest of the group, did not alter the results.
The strengths of this study are that, it has a large sample size including all babies born in Finland by women in the six occupations between 1997 and 2014. The population-based approach and about 100% coverage of all birth events in Finland 25 eliminates the possibility of selection bias. GEE analysis was conducted to mitigate effects of same women possibly giving birth several times within the study period. The processes of diagnosing all study outcomes were based on the best available standardized measurements. Gestational age was estimated by ultrasound examination and the diagnosis of SGA was based on age and sex-specific estimates. We adjusted for potential confounders including parity, maternal age, marital status, smoking status and BMI which have shown to have high quality in the Finnish MBR. Additionally, measures such as rigorous definition and description of occupations, agents and probable changes in exposure levels were taken into account in the construction of FINJEM to diminish exposure misclassification. In effect, updating FINJEM will not significantly change the current job-exposure categorization because the nature of work by the various occupations has not changed over the course of time. 19 The use of whole occupational group exposure to manual handling of burdens instead of individual estimates is a limitation to the study because it does not take into consideration differences in exposure within each occupational group. 19 Furthermore, different perception among occupations about potential hazards of lifting and carrying by pregnant women could lead to over-or-under reporting of the exposure levels and that can be a source of misclassification. Unfortunately, we could not adjust for factors outside participants' working environment that could potentially affect the results. Information such as when mothers began their maternity leave was not included in the analysis and therefore, the exact trimester which is adversely affected by the exposure could not be confirmed. Aspects of MAHB estimates based on subjective ratings are at least partly likely to be affected by recall bias.
Based on the study objectives, we identified occupations with similar exposure levels to MAHB for each exposure group. Nevertheless, each of the six occupations may have unmeasured peculiar occupational hazards that might have influenced the effect estimates. Among the high exposure group, prevalence of the studied adverse pregnancy outcomes was often higher among the newborns of kitchen assistants and practical nurses than the newborns of homecare assistants. Practical nurses may differ on exposure to chemical and biological agents and kitchen assistants to heat which are all known potential risk factors for adverse pregnancy outcomes. 26, 27 Similarly, infants of insurance clerks had less adverse birth outcomes compared to those of secretaries and account and book-keeping clerks within the low exposure group. Among the reference group, secretaries were more advanced in age and often smoked during pregnancy. We adjusted for these confounders in all the models. It can be argued that existing residual confounders, such as the extent of psychosocial and other physical stress factors, may differ among the occupations. However, we could not collect information on all potential risk factors due to the secondary source of our data. Moreover, in Finland pregnant employees are by legislation to be reassigned to safer tasks if work poses danger. 28 The results corroborate findings from previous epidemiological studies and a review that occupational lifting is associated with adverse pregnancy outcomes. [29] [30] [31] Juhl et al. 29 reported in a recent Danish MBR study that younger women were more exposed to occupational lifting than older women. The authors found an elevated risk of decreased birth size among mothers who lifted 11-20 kg 10 times per day compared with less or no exposure. In a systematic review, van Beukering et al. 31 reported a summary OR of 1.29 for PTB among mothers who lifted or carried burdens weighing more than 5 kg compared to those who lifted less.
On the contrary, authors of a Finnish daycare workers' study 32 reported no increased risk of PTB, perinatal death and SGA among daycare workers despite their potential exposure to heavy lifting. The risk of adverse pregnancy outcomes was not elevated among women exposed to physically demanding work in North Carolina. 33 In a recent updated review, 34 Palmer et al. reported smaller or no association between birth outcomes and a range of occupational activities. Logistic regression: adjusted for BMI, marital status, smoking in pregnancy, maternal age and parity.
In conclusion, we identified an elevated risk of PTB, LBW and perinatal death among service and care workers that were highly exposed to manual handling of burdens. The adverse pregnancy outcomes were more common among multiparous women. However, the use of occupational group level exposure requires caution in interpreting the results. Further studies with information on individual level of exposure and start of maternity leave are recommended.
